The composition of 16 samples of leaf oil from Corsican Juniperus thurifera was investigated by integrated techniques, GC, GC-MS and 13 C NMR. K-means partitioning and PCA analysis of the data allowed the definition of a main group (14 samples) dominated by limonene (mean = 52.2%, SD = 6.4) and α-pinene (mean = 7.2%, SD = 3.8). Limonene and β-elemol (up to 19.7%) were identified as the major components of two atypic samples. The genus Juniperus, consisting of 67 species and 34 varieties, is divided into three sections: Caryocedrus (one species: J. drupacea Labill.), Juniperus (= Oxycedrus Spach with 10 species) and Sabina (Miller) Spach (56 species). J. thurifera L., a member of the Sabina section, is constituted of two varieties: var. thurifera (from southern Europe, Spain and France) and var. africana (from North Africa, Morocco). RAPDs showed that the Moroccan plants (var. africana) were barely distinct from var. thurifera [1]. According to Adams [1], J. thurifera var thurifera has several synonyms, of which J. hispanica Mill., J. sabinoides Endl., J. bonatiana Vis., J. cinerea Carriere, J. thurifera L. var gallica Coincy, J. gallica (Coincy) Rouy, Sabina foetidissima (Willd.) Antoine, S. thurifera (L.) Antoine, and S. pseudothurifera Antoine are retained. J. thurifera var thurifera is a dioecious species. It is a pyramidal tree, up to 20 m high, which grows in the mountains of central Spain, the Spanish and French Pyrenees and French Alps [1]. In Corsica, it is found on both faces of Monte Cinto, the highest mountain of the island, in Niolu and Asco valley [2,3].
The essential oil of J. thurifera is obtained by hydrodistillation of leaves, berries and wood. A few studies have reported on the isolation and characterization of sesquiterpenes from the wood oil [4, 5] . However, the chemical composition of the essential oils from leaves, berries and wood has been studied less frequently. Only one paper reported the composition of a sample of wood oil, dominated by sesquiterpenes: cedrol (41%), thujopsene (20%), widdrol (16%) and α-cedrene (12%) [6] . Two berry oil samples were characterized by a high content of limonene (88.5% and 84.3%) [7, 8] . Concerning the leaf oil, Adams [9, 10] studied the composition of various samples from Morocco, Spain and France. Limonene dominated the composition of the samples from Spain (28.8-61.8%), the Pyrenees (53.0 and 75.1%) and France (French Alps, 52.1%; Corsica, 60.6%). Some samples contained appreciable amounts of linalool (up to 13.4%) and linalyl acetate (up to 13.7%). In contrast, Morrocan oils contained sabinene as the major component in three samples (37.4-45.8%). The composition of the fourth sample was dominated by α-pinene (17.1%), elemol (14.7%) and sabinene (12.2%). It could be pointed out that δ-2-carene was totally absent in the samples of the variety Africana, while it accounted for 0.9-4.4% in the samples of the variety thurifera.
The aim of this study was to characterize J. thurifera var thurifera growing wild in a restricted area in Corsica through the composition of its leaf oil. Leaves were collected from 16 individual trees growing in two locations covering the geographic range of J. thurifera in Corsica. The yield of the essential oil isolated by water distillation and calculated from fresh material, varied substantially from sample to sample (0.16-0.89%). ( Figure 1 ) and k-means partitioning were performed on all the terpene data, with individual compounds expressed as a percentage. Although the compositions of the individual samples varied substantially, it was not possible to distinguish groups within the essential oil samples. Therefore, we constituted one major group (14 samples) and differentiated two atypical compositions ( Figure 2 ). For that reason, in Table 1 we reported the mean composition of the 14 samples of the main group, as well as the highest and the lowest values for each component, and the compositions of the two atypic samples n° 3 and n° 6.
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All the leaf oil samples of J. thurifera var. thurifera from Corsica of the main group exhibited limonene as the major component, with a mean value of 52.2% (SD = 6.4) (Table 1, Figure 2 ). The similarity to oil samples from Spain, the Pyrenees and French Alps is particularly observed for some compositions which afforded α-pinene as the second major component. The sample from Corsica reported by Adams [10] belongs to that group. However, several samples contained fair amounts of δ-3-carene (up to 9.6%) and β-elemol (0.5-5.7% and 10.2% in sample 4), both of these components being scarce in the J. thurifera var. thurifera leaf oils reported in the literature (0.0-0.8% and 0.3-3.2%). The samples of that group differed drastically from the sabinene-rich oils from Morocco [9, 10] .
The content of limonene in the two atypical samples was less (40.6 and 29.7%). Conversely, in those samples, β-elemol accounted for 13.6 and 19.7% and the content of cedrol reached 6.9%. It could be pointed out that similar contents of β-elemol and cedrol (14.7 and 4.4%, respectively), were reported in one sample of J. thurifera var. africana from Morocco, which also contained α-pinene (17.1%) and sabinene (12.2%) as major components [10] . Analytical GC: GC analyses were carried out using a Perkin-Elmer Autosystem GC apparatus equipped with 2 flame ionisation detectors, and fused-silica capillary columns (50 m x 0.22 mm i.d., film thickness 0.25 µm), BP-1 (polydimethylsiloxane) and BP-20 (polyethyleneglycol). Oven temperature was programmed from 60°C to 220°C at 2°C/min and then held isothermal (20 min); detector temperature, 250°C; injector temperature, 250°C (injection mode, split, 1/60); carrier gas, helium (0.8 mL/min). Injected volume: 0.5µL of a solution of 50 µL of the mixture (oil or chromatographic fraction) diluted in 350 µL of CCl 4 .
GC-MS analysis:
GC-MS analyses were carried out using a Perkin-Elmer TurboMass detector (quadrupole), directly coupled to a Perkin-Elmer Autosystem XL, equipped with a fused-silica capillary column (60 m x 0.22 mm i.d., film thickness 0.25 µm), Rtx-1 (polydimethylsiloxane). Carrier gas, helium at 1 mL/min; split, 1/80; injection volume, 0.2 µL; injector temperature, 250°C; oven temperature programmed 
13
C NMR analysis: 13 C NMR spectra of 5 selected samples and the chromatographic fractions were recorded on a Bruker 400 Avance Fourier Transform spectrometer operating at 100.13 MHz for 13 C, equipped with a 5 mm probe, in deuterochloroform, with all shifts referred to internal tetramethylsilane (TMS). 13 C NMR spectra were recorded with the following parameters: pulse width = 4 µs (flip angle 45°); acquisition time = 2.7 s for 128K data table with a spectral width of 25,000 Hz (250 ppm); CPD mode decoupling; digital resolution = 0.183 Hz/pt. The number of accumulated scans was 3,000 for each sample (around 50 mg of the oil or chromatographic fraction in 0.5 mL CDCl 3 ).
Identification of components:
All 16 samples were submitted to GC(RI) analysis. Among them, 2 samples (N° 11, 15) selected on the basis of their chromatographic profile, were analysed by GC-MS. Five samples (N° 1, 3, 4, 7, 8) were analyzed by 13 C NMR spectroscopy. Identification of the components was based: (i) on comparison of their GC retention indices (RI) on polar and apolar columns, determined relative to the retention times of a series of n-alkanes with linear interpolation with those of authentic compounds, and literature data [11] ; (ii) on computer matching against laboratory-made (CPN Lab, University of Corsica) and commercial mass spectral libraries [12] [13] [14] [15] and (iii) by 13 C NMR spectroscopy, following the methodology developed and computerised in our laboratories, using home-made software and spectral data library [16] [17] [18] . Most of the components were identified by comparison of their spectral data (MS and 13 C NMR) with those of reference compounds compiled in our laboratory-made spectral data library. In order to confirm the identification of minor components suggested by MS analysis, all the chromatographic fractions obtained from one oil sample (Experimental, second paragraph) were analysed by GC(RI) and 13 C NMR spectroscopy.
